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INTEGRATED CIRCUIT CELL ARCHITECTURE AND ROUTING 
5 SCHEME 

BACKGROUND OF THE INVENTION 
The present invention relates in general to cell 
based integrated circuits such as gate arrays, and in 

10 particular to an improved cell architecture and routing scheme 

for such circuits . 

Standard cell or gate array technology have been 
developed as quick-turn integrated circuit (IC) design 
methodologies in which pre-designed circuit units or cells 

15 (e.g., NAND and NOR gate, Flip-Flops, etc.) are wired together 

to rapidly implement a new IC functionality. The pre-designed 
circuit elements are called macro cells which are made by 
interconnecting basic cells. The design and characteristics 
of the macro cells typically do not change from one design to 

20 the next. It is how these macro cells are interconnected that 

varies depending on the functionality being implemented. 

The interconnect layers in gate arrays perform two 
functions: they connect basic cells to form macro cells, and, 
they interconnect macro cells using global routes to implement 

25 the desired IC function. A balanced allocation of routing 

resources is necessary between the need to minimize the area 
occupied by macro cells and the need to provide sufficient 
global routing resources to interconnect the maximum number of 
macro cells on an IC. 

30 The present gate array technology has evolved from 

two levels of interconnect. The two levels of routing 
resources have typically been used in orthogonal directions to 
achieve the highest circuit density. The first and second 
level routing resources are generally called Ml and M2 

3 5 respectively. Figure 1 shows a two level routing scheme 

according to prior art where Ml tracks 11 are used to rouce 
horizontal X direction, and M2 tracks 12 are used in the 
vertical Y direction. As the technology evolved to three or 
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more levels of interconnect layer, the orthogonality of 
neighboring levels has been maintained in the prior art. So 
the third layer M3 is routed in the X direction, parallel to 
Ml and orthogonal to M2 , etc. 

The circuit functionality is obtained by 
interconnecting macro cells 13 which represent different logic 
functions such as NAND, NOR, Latch, etc. The macro cells 13 
are designed to use as much internal Ml routing 14 as possible 
with occasional use of internal M2 tracks 15, when Ml alone is 
not sufficient. This arrangement allows many of the M2 global 
routes 12 to cross over macro cells 13 as shown in Figure 1. 
Global Ml tracks 11 in general can not cross over macro cell 
so they have to be routed adjacent to the macro cells. A 
third interconnect layer M3 and subsequent interconnect layers 
can cross over macro cells as long as the macro cells do not 
use those layers for internal routing. Therefore, the basic 
cells must be designed with the necessary number of Ml tracks 
required for internal routing of macro cells. For most 
frequently used CMOS gate array basic cells, a typical number 
is about 12 . 

Furthermore, in the case where a third level of 
interconnect M3 is available, the prior art approach as shown 
in Figure 1 typically uses first and third interconnect layers 
Ml and M3 in parallel, while the second interconnect layer M2 
is disposed orthogonal to them. In the prior schemes, the 
second interconnect layer M2 is t^-pically used for global 
routing, power distribution and routing internal to the macro 
cells. Therefore, there are less global routing tracks 
available in the M2 direction than M3 , causing an imbalanced 
situation with respect to routing resources. In such cases, 
the routability of the designs is limited by the M2 tracks. 

Figure 2 shows a prior art basic cell from US patent 
4 884,118 issued to Hui et ai., and assigned to LSI Logic 
corporation. The basic cell consists of a P-type diffusion 
region 21 and an N type diffusion region 22, gate electrodes 
23, and contact regions 24 for contacting the transistor 
source/drain/gate terminals. The basic cell also contains 
regions 28 for contacting the P and N type substrate. Twelve 
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Ml tracks 25 and 29 are provided in the X direction for macro 
cell routing. Specific Ml tracks 29 are used to connect power 
supply voltages Vdd and Vss to the transistors. In the Y 
direction, three M2 tracks 26 are provided for global routing 
and an additional track 27 for further power supply 
connection. Track 27 is shared between two adjacent basic 
cells . 

A 2 -input NAIJD gate can be formed from a single 
basic cell as shown in Figure 3. First layer tracks 32 and 33 
connect Vdd and Vss to the 2 -input NAND macro cell. First 
layer 34 is used to connect two P-type transistor to one N- 
type transistor. Connections 31 are used to connect the gate 
electrodes. Vdd and Vss also contact to the substrate via 
contacts 35. The inputs and output of the 2 -input NAND are 
interconnected to other gates using global routes. 

Larger functions such as a 4 - input NAND gate or a D- 
Flip-flop require more than one basic cell. An example of a 
large macro cell 41 containing six basic cells is shown in 
Figure 4. All of the basic cells are arranged in the X 
direction. First level Ml layer is used to interconnect basic 
cells in both X, as well as Y directions within the macro cell 
41. Therefore, first level global routes 44 can be placed 
only outside of the macro cell. However, second layer 
internal tracks 43 are used only sparingly inside a macro cell 
and that also only in the vertical direction. Thus, many of 
the second layer global routes are free to run through the 
macro cell in places where there is no second layer blockage, 
such as tracks 46. 

In the above example about ten Ml interconnect 
tracks are required in the X direction to form a complex macro 
cell. In addition to the macro cell interconnect resources, 
additional routing resources (two Ml tracks) are required to 
distribute power (Vdd) an4 ground (Vss)^ to the basic cells. 
Thus, a total of 12 routing tracks are required, which 
determines one of the dimensions of the basic cell. In the 
other direction, at least three tracks are required to contact 
the source/drain of the two transistor pairs. In addition, 
one vertical track is required to connect power/ground to the 
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silicon substrate which is shared between a pair of adjacent 
basic cells. Thus, the overall basic cell is made large 
enough to allow twelve tracks in X direction and three and a 
half tracks in Y direction. In this example, it is not 
possible to make the cell dimensions smaller without 
significant loss in the macro cell routability. 

The large vertical size of the cell results in 
larger transistors (about four tracks high) . This translates 
to more power consumption per basic cell, and higher load 
capacitances that slow down the circuits. 

Several variations to the above basic cell have been 
proposed. For example, the horizontal power and ground routes 
can be shared between adjacent rows of basic cells to reduce 
the number of horizontal tracks from twelve to eleven. Also, 
by placing the substrate contact outside the basic cell and 
under the shared power and ground tracks, the cell width is 
reduced from 3.5 to 3. However, the cell is still eleven 
tracks high and has higher resistance in series with the power 
supply. 

In an another variation disclosed in US patent 
5,079,614 issued to M. Khatkhotan and assigned to S-MOS 
Systems inc., the gate electrodes are interleaved with respect 
to the diffusion regions to achieve better routability. 
However, the basic cell in this case is still over ten tracks 
by nine tracks, or ninety grid points. In a publication by Y. 
Okuno et al titled, «0.8um 1.4 million transistor CMOS SOG 
based on column macro cell" , the authors disclose a novel 
basic cell and routing approach where the direction of first 
layer routes is made parallel to the gate electrodes, as 
opposed to perpendicular as in other prior art. The result is 
claimed to provide better global routing. The basic cell 
size, however, is 11 x 9 tracks, or 121 grid points. 

Other prior art patents and publications such as US 
patent number 4,884,115 have disclosed basic cells in which 
additional small transistors are included to optimize 
implementation of static random access memory (SRAM) cells. 
These cells are significantly larger than the four transistor 
basic cell of Figure 2. Similarly, inclusion of a bipolar 
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transistor in addition to CMOS transistors is disclosed in US 
patent 5,072,285 issued to Ueda et al . Such basic cell allows 
formation of BiCMOS macro cells comprising of both CMOS and 
bipolar transistors. These BiCMOS cells again are 
significantly larger than pure CMOS basic cells. 

In U.S. patent number 5,289.021 issued to El Gamal , 
and assigned to SiArc Inc., three different sized transistors 
of P and N type are included in the basic cell. Such a cell 
allows more efficient design of certain large macro cells such 
as D flip-flop or latch. The basic cell in this case is about 
11 tracks by 11 tracks, or 121 grid points. The large- basic 
cell takes up more area and reduces the granularity of the 
cell placement on the IC. 

All of the above prior art is based on orthogonal 
arrangement of first and second level tracks. This avoids the 
blockage of second level tracks that run orthogonal to the 
macro cells. Since only first level tracks are used for 
horizontal routing of macro cells, the basic cell must provide 
eleven to twelve tracks in the horizontal direction, resulting 
in a large basic cell. 

There is a need for more compact cell architectures 
and more flexible routing schemes in cell based circuits. 

SUMMARY OF THE INVENTION 
The present invention provides more compact and 
flexible cell architecture with improved routability for gate 
array and standard cell design applications. The novel cell 
employs a new diffusion and gate contact arrangement to reduce 
cell dimensions. The invention also discloses a novel routing 
scheme to provide sufficient routing resources necessary to 
design more complex macro cells more efficiently. 

The diffusion and gate contact arrangement according 
to the present invention employs a non-rectangular diffusion 
shape in which certain contacts for the gate electrodes in the 
basic cell are positioned along the same axis as the 
source/drain diffusion contacts. This approach reduces the 
number of routing tracks and hence the cell size, while 
providing sufficient contact regions. The non- rectangular 
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diffusion shape also makes it possible to include an 
additional small transistor in the basic cell without 
incurring significant additional area. This additional 
transistor allows an efficient implementation of memory cells. 

This invention further offers a novel routing scheme 
in which the first two interconnect layers run in the same 
direction to meet the routing requirements of macro cells 
while a third interconnect layer runs transverse to the first 
two interconnect layers. The result is a family of macro 
cells which is at least two track widths smaller than 
conventional cells. The further result is lower manufacturing 
cost, reduced width of the transistor, reduced device load 
capacitance and lower power dissipation. 

Other objects and attainments together with a fuller 
understanding of the invention will become apparent and 
appreciated by referring to the following description and 
claims taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG 1. shows the routing scheme used by prior art 
gate array and standard cell designs; 

FIG. 2 a prior art basic cell having a pair of P- 
type and N-type CMOS transistors; 

FIG 3 shows the interconnection scheme to create a 
2-input NAND macro cell from the basic cell of Figure 2; 

Fig. 4 shows a prior art example of the design and 

placement of a complex macro cell; 

FIG. 5 shows an exemplary cell layout illustrating 
the routing scheme according to this invention; 

FIG. 6 shows one exemplary embodiment for a basic 

cell according to this invention; 

FIG. 7 shows an exemplary interconnection scheme fo 

*-v,^ Krici-in cell and routing scheme o 
a 2-input NAND gate using the basic cexi 

the present invention; 

FIG 8 shows an exemplary interconnection scheme fo 
a D flip-flop using the basic cell and routing scheme of the 

present invention; 
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Fig. 9 shows another exemplary embodiment of the 
basic cell according to the principals of this invention 
wherein a small transistor is added to facilitate memory cell 
implementation; 

Fig. 10 shows a static random access memory (RAM) 
cell implemented using the basic cell shown in Fig. 9; 

Fig. 11 is another embodiment of the basic cell 
according to this invention which has two tracks between P- 
type and N-type transistors to allow more relaxed design rule; 

Fig. 12 shows parallel connection of Ml and M2 in 
selected places to lower wire resistance in power supply lines 
and long signal lines according to the principals of this 
invention; and 

Fig. 13 shows an exemplary preferred power 
distribution arrangement according to this invention which 
reduces series resistance by 5 0% 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
Referring to Figure 5 , here is shown an exemplary 
cell architecture and routing scheme according to this 
invention. Global routing tracks 51 and 52 in interconnect 
levels Ml and M2 , respect ively , extend along the same 
direction, with M2 tracks above Ml tracks. Although the track 
pitches for M2 and Ml are shown to be the same in Figure 5 for 
convenience, they could be different. Macro cells 54 are 
formed using horizontal tracks in both Ml and M2 layers to 
interconnect basic cells . Ml tracks are also used for 
vertical interconnects within basic cells. 

Interconnect level three (M3) tracks 53 run 
orthogonal to Ml and M2 tracks and can cross over macro cells 
in any place, since M3 tracks.- are generally not used 
internally to construct macro cells . Second layer (M2 ) global 
tracks 56 and 57 are also allowed to run over macro cells 54, 
but only in places where they are not blocked by internal M2 
tracks 55 used in constructing the macro cells. In the 
current invention, by combining M2 and Ml tracks in one 
direction and using M3 in the other direction, the number of 
available tracks in the two directions is better balanced. 
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The routing within the macro cell 54-1 also includes 
first layer Ml for horizontal as well as vertical 
interconnections. However, since M2 global tracks are 
parallel to Ml, it is possible to use M2 tracks 55 for 
horizontal connections between basic cells to form a complex 
macro cell. In the prior art, M2 could not be used for 
horizontal interconnections inside the macro cell. Since both 
Ml and M2 can be used for horizontal routing inside the basxc 
cell of the present invention, it is possible to reduce the 
height of the basic cell from 11 tracks to 9 tracks,- this 
results in over 20 percent reduction in the basic cell sxze. 

Taking advantage of the increased number of 
horizontal routing tracks, the basic cell provides adequate 
connections between the source, drain and gate terminals and 
the routing tracks. This is best illustrated by the exemplary 
implementation of a basic cell shown in Figure 6. P-type and 
N-type active diffusion regions 66 and 57 have been layed out 
with non- rectangular outlines to allow for a compact design^ 
The basic cell in Figure 6 has only nine Ml horizontal tracks 
61 and 62, out of which seven tracks 61 are generally used for 
macro cell routing and the remaining two tracks 62 are used to 
carry power supplies Vdd and Vss . Substrate contacts 63 for 
P-type and N-type substrate are placed in diagonal corners 
under the power tracks. The substrates can thus connect to 
power supply tracks without using up additional routing 
tracks. The gate electrodes 64 are shared between PMOS and 
NMOS transistors to eliminate the routing track required to 
connect them together (see track 31 in Fig. 3) . Each gate 
electrode has two places where it can be connected to Ml 
tracks. source/drain contacts share the same horizontal 
tracks as gate and substrate contacts to minimize the height 
of the basic cell. In this example, there are three vertical 

MB tracks 65 per basic cell. 

A 2-input NAND gate implementation using the basic 
cell of Figure 6 is shown in Figure 7. Nodes A and B are the 
two inputs and node Z is the output of the 2-input NAND gate, 
Pirst layer (Ml) route 70 and 71 are used to " 'J 

PMOS and one NMOS transistors to form the output Z. Vdd and 
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Vss connect to the source terminals of the transistors through 
contacts 73, and the substrate through contacts 72. Because 
Of the reduced amount of routing required, M2 tracks are not 
used in 2-NAND and are all available for global routing. 

one additional advantage of the present invention is 
that the three input/output terminals {A,B and Z) of the 2- 
NAND cell can be accessed by seven different M2 tracks In 
the prior art shown in Fig. 3, only three M2 tracks are 
available to access the three cell terminals. The increased 
access allows more flexibility in global routing and hence 
increased routability. 

In Figure 6, implementation of a D-type flip-flop 
usxng the teachings of the present invention is shown. D and 
CK are data and clock inputs respectively and Q and QN are 
true and complementary outputs of the flip-flop. The flip- 
flop occupies six basic cells and requires two M2 tracks 88 in 
addition to Ml tracks 87 to interconnect them. Interconnect 
layer two (M2) is connected to interconnect layer one (M2) 
tracks through via contacts 89. Although M2 tracks are placed 
above Ml tracks in real devices, the order is reversed in 
Figure 8 for clarity. The positive power supply Vdd track 84 
connects to P-channel transistors through contact 85 and to 

substrate through conta(-^<^ rc tu^ ^ ■ 

^" contacts 86. The negative power supply Vss 

track 81 connects to N-channel transistors through contacts 82 

and to substrate through contacts 83. This implementation of 

the D-type flip-flop is over 25% smaller than prior art. 

Figure 9 shows another exemplary embodiment for a 

basic cell according to this invention. In this case, the P- 

type active region diffusion 90 is extended to create an 

additional small P channel transistor 91/92 controlled by gate 

electrode 93. a similar modification to the N-type active 

diffusion 94 can also provide an additional small N channel 

transistor. The inclusion of the additional transistor does 

not increase the number of tracks in the basic cell. The 

small P channel transistor is useful in implementing Static 

RA.M (SRAM) cells as shown in Figure 10. Referring to Figure 

10, the small p channel transistors 101 and 102 are used as 

load devices to the cross-coupled inverters 104 and los The 
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Wire resistance is a sxgnxf resistance xn 
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above the other- ^^^^ row 139 such ^^^^^^^^^^^ to each other 
relatxon to the ^^^^ ^^^^^ are ad^a 

transistors 136, 13^ ^^ansistors 134 and 135 
Tn the next rows, NMOb . ^^^^s The prxor art v 

35 1^ ^,^^3^ NMOS transxstors. ^^^^^ two 

adjacent to other ^^eft sxd , 

distribution scheme xs sh ^..tribute power 

parallel tracks l3l are 
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cells, each with a resistance R. In the present invention, 
the two power tracks are replaced by a single track 132 that 
is three tracks wide. This does not require additional area 
since it occupies the empty space between two tracks. The 
wider track effectively reduces the series resistance of the 
power supply to each basic cell by 50%. 

While this invention has been described in 
conjunction with several specific embodiments, it is evident 
to those skilled in the art that many alternatives, 
modifications and variations will be apparent in light of the 
foregoing descriptions. Specifically, although the ' invention 
has been described with reference to gate arrays, it is fairly 
straight forward to apply the routing methodology and cell 
structure to standard cell and general cell based design 
methodologies. Thus, the invention described herein is 
intended to embrace all such alternatives, modifications, 
applications and variations as fall within the spirit and 
scope of the appended claims. 
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3. The circuit layout architecture of claim i, 
wherein an orthogonal power grid for supplying power and 
ground to said macro cells is formed from said first 
conductive layer interconnect lines along said first direction 
and from said third conductive layer interconnect lines along 
said second direction, and wherein said second conductive 
layer couples between selected regions of said first 
conductive layer. 

4. The circuit layout architecture of claim 1, 
wherein said p-type diffussion region and said n-type 
diffusion region are laid out in a non- rectangular shape. 

5. The circuit layout architecture of claim 4, 
wherein each of said plurality of basic cells comprises slid 
first gate electrode region having a first electrode and a 
second gate electrode region having • a second electrode, said 
first gate electrode having a first end and a opposing second 
end, said first end at a contact region at an indentation in 
said P-type active diffusion region, said second end having no 
contact region adjacent said N-type active diffusion region, 
said first gate electrode having contact at an intermediate' 
contact region, and said second gate electrode having a third 
end and an opposing fourth end, said third end at a contact 
region at an indentation in said N-type active diffusion 
region, said fourth end having no contact region adjacent said 
P-type active diffusion region, said second gate electrode 
having contact at an intermediate contact region, each one of 
which is shared between said P-type active diffusion region 
and said N-type active diffusion region. 

6. The circuit layout architecture of claim 1, 
wherein each of said plurality of rectangular basic cells has 
first and second substrate contact regions disposed in 
corners . 
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„.rein .aid -^---^.irtrora'essi.le .y no ^^^^^ 

H'tecture of claim 5, 
,he circuit l^Vo;t/r= ^^^^^^^ ^^^^^^3 , 

= first and second gate e . ^^.^ first P-type 

rrranrfecrnd r^I"-- 

:ir;:ryprdr;fro/:^^ - -™ ^ 

transistor. 

^ architecture of claim 
The circuit layout arch. ^^^^^^ 

N-tvpe diffusion region exten 
wherein said N-type 

transistor • 
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1 13. The circuit layout architecture of claim 6, 

2 wherein said substrate contact regions are shared between 

3 selected ones of said basic cells which are disposed adjacent 

4 to each other in said second direction. 
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14. The circuit layout architecture of claim 1, 
wherein a first interconnect line from said first conductive 
layer makes contact to an interconnect line from said second 
conductive layer immediately above said first interconnect 
line forming a double-layer parallel interconnect line to 



6 reduce resistance. 



6 cells; 
7 



15. The circuit layout architecture of claim 6. 
wherein a first group of said plurality of basic cells is 
disposed adjacent to each other to form a first row of basic 
cells, and a second group of said plurality of basic cells is 
disposed adjacent to each other to form a second row of basic 



wherein said first row is disposed above said second 
row such that a P-type diffusion region in a basic cell within 
said first row is placed laterally adjacent to a P-type 
diffusion region in a basic cell within said second row; and 
wherein an interconnect line from said first layer 
at least twice the minimum width of an interconnect line from 
said first layer extends in the first direction over said 
substrate contact regions in basic cells of both said first 



15 and second rows 



16. The circuit layout architecture of claim 3, 
wherein said second conductive layer couples interconnect 
lines of said first conductive layer to interconnect lines of 
said third conductive layer. 



1 17. The circuit layout architecture of claim 1, 

2 wherein said second group of global interconnect lines couples 

3 to said input/output terminals only along said first 

4 direction. 
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/O 97/18591 for use in 

. i^r, r-ells comprising. 

^"""^"^^Ltrv::"ac.ive .i«usio„ region havin. a non- 
rectangular outline, extending across said P-type 
a first gate electrode direction 

and N-type active ^^^^^^l^^l^^j^^l^^ drain contact regions o£ 
separating source ^^^^^^^ ,„,r=e contact regions 

a first PMOS transistor and P transistor, 
and drain contact regions of a fxr 

respectively,- ,„„trode extending across said P-tyP^ 

a second gate electrode ^.^^^ direction 

and N-type active diffusion regions i ^^^^^^^ 
separating source Xl^.i., source contact regions 

a second /-^^"^^/J::/;, a second «MOS "-sistor. 

and drain contact region ^rode having a first en 

respectively, said first gate el ^ ^^^^^^^ , 

a opposing second end^ ^^'fj;^.^^^ diffusion region, said 
an indentation in said ^ ^^.^^^^^ «.,„e 

second end having no g^^e electrode having 

active diffusion region, ^ ^ and said second 

contact at an ^^":,r;rd and an opposing fourth end, 

,ata electrode having ^ "^^/^^^ an indentation m said 
said third end at a £„urth end having no 

«.type active diffusion region, diffusion region, 

contact region adjacent at an intermediate 

r,^ -rate electrode naving 
said second gate ex 

contact region. 

. .11 of claim 18 further comprising 
19. The basic cell of ci ^^^.^^ 
a substrate contact region and 

diffusion contact region, ^^^^ 

wherein an overall shape ^ dimension 

substantially defined by a --^^J^^^^^^^ dimension along a 
along said first direction and 
7 second direction, and 
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wherein said substrate contact region is disposed 
along the same axis as said first active diffusion contact 
region in said second direction, and said gate electrode 
contact region is disposed along the same axis as said 
substrate contact region in said second direction. 

20. The basic cell of claim 19 wherein said 
substrate contact region further comprises a first substrate 
contact region and a second substrate contact region each 
disposed in corners of said rectangle. 



21. The basic cell of claim 20 wherein a length of 
said .irst dimension is substantially defined by nine second- 
layer interconnect lines extending in parallel in said second 
4 direction, and a length of said second dimension is 

substantially defined by three third-layer interconnect lines 
6 extending in said first directi, 



Lon . 



22. The basic cell of claim 18, wherein first metal 
interconnect lines are made from a first conductive layer and 
are disposed in a second direction transverse to said first 
direction and wherein second metal interconnect lines are made 
from a second conductive layer over said first conductive 
layer in said second direction, and wherein third interconnect 
ixaes are made from a third conductive layer over said second 
conductive layer and are disposed in said first direction 



23. The basic cell of claim 18, wherein, in said 
fxrst direction, each said P-type active diffusion region 
comprises at least four active diffusion contact regions in a 
central section, two active diffusion contact regions in a 
f xrst lateral region separated, by said first gate electrode 
and at least three active diffusion contact regions in a 
second lateral region separated by said second gate electrode 
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WO 97/18591 integrated circuit 

^ .etW of designing an mteg 

using cells -uprising: ,.^,.antially -^^-f^;^^;,, 

providing a pluraii ^ direction, eacn 

.asic ceUs disposed ..fusion .e^ion ana an 

rrr.:; ^e...na., ^.ns ana .a.a 

.egion .ridging between "'^^//^f^^, ,,„c.ion transverse 
«..„e ai«u.ion regions for .aKing 

,aia firs. airec.xon. and ^^^^^^^ ^^^.^^^ 3ard g 

electrical contact to saia 

electrode region,- interconnecting ad] 

.crying a -"°;;;,to^nectiona internal to sara 
.asic cells ana "--^tn^nterconnect lines fro» a frrst 
„acro cell are .onauctlve layer. 

^cnductive -ver -a; inP-/°-"%rrrt .e."- 

selectively together via first, 

,l..alitv of interconnect line- 

,nira groups^of ^g ^^^^ ^^^^^ --^^/ra .isposea along saia 

. , f.rst conductive layer 
TAnes from said fiis^ 

• V, 1 -interconnect 

,i^3t direction; global ^^"^^ 

forming said secona y ^^^^ ^^^d first 

lines fro™ saia second ^^^^^^^^ZX^^^^ '^"^ ^''"^'"^^ 
conductive layer, --/-fj^^.trp of gio.al interconnect 
forming said third g ^^.^ ^^^ond 

. rhird conductive laye- first 
Unes from^ a ^^^^^^^^ transverse to 

conductive layer, ^ ^ direction, 
direction along said »econ 
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« for an integrated 
4- architecture for a» 

:eir:t:a^--- 

circuit using ceils, 

comprising: of PMOS and NMOS 

^ a cell having a ^^^^^^ ^^d NMOS transistors 

. , second pair of PMOS an ^^^^ ^ 

transistors and a seco ^ adjacent to each 

.d first and second P-^^/^^^^^^, ^,.ing a gate electrode 



salt 



first direction 
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8 

9 



extended substantially in a second direction, said second 
direction being substantially perpendicular to said first 
10 direction; 
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a first interconnect line made from a first 
conductive layer for making interconnections inside said cell 
in said first and said second direction; 

a second interconnect line made from a second 
conductive layer above said first conductive layer and 
separated from said first conductive layer by an insulating 
layer, said second interconnect line for making 
interconnections internal and external to said cell in said 



19 first direction. 



26. The circuit layout architecture according to 
claim 25 wherein said cell has a substantially rectangular 
shape with a first dimension along said first direction 
defined by a maximum of three contact regions, and a second 
dimension along said second direction defined by a maximum of 
t> nine contact regions 



27. The circuit layout architecture of claim 26 
2 wherein said cell with substantially rectangular shape furthe 

comprises first and second substrate contact regions disposed 



28. A method of designing an integrated circuit 
layout using cells, comprising the steps of: 

(a) forming a cell by laying out a first pair of 
PMOS and NMOS transistors adjacent to a second pair of PMOS 
and NMOS transistors in a first , direct ion , each of said 
transistors having a gate electrode being extended 
substantially in a second direction, said second direction 
being substantially perpendicular to said first direction; 

(b) making interconnections internal to said cell 
with a first interconnect line made from a first conductive 
layer, said first interconnect line being used in said first 
direction and said second direction, and 
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nal and external to 
n.a.ing in-— ^^^^J^irU fro. a second 
said cell .it. a second ^-;-°j;:,,,...ive layer, and 
ronductive layer ^^^i:::.^... layer --7^- 
separated fro. -;\^;/;^^,,„ect line being used 
^,yer, said second xnter 
direction. 



1 
2 

3 ■ 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 



29. An 
a first 



integr 
group 



ated circuit 
of global 



using ce 



in 



iCt 



^terconne 
d along a 



,11s comprisii 
lines made 



from 



first 



first cc 



a tixs- a- - disposed aiony » 



lobal 



direction; 
made 



from a se 



icond 



second group 

conductive layer above 

-id f-'-^st 



;aid first c 



■onduct 



ive 



layer, and dispose 



■ d along sa 



Lj-st direc 



tion; 



;hird group of 5^°^^^ .^^^J^d conductive layer 
........ layer above saxd • different 



interco 



mnect 



lines 



made from 



:ive layer, 



thi 



Taver above s^j-^ - 
rd conductive layer^^^ ^^^^^^^^^ 



ially 



and disposed along 



r;rur:u;7- --!rtrcra:dTra:n ter.lna^ 



sec 

St direction 



and 



ach one inc 



luding 



diffusion regions 
gate elec 
contact regions 



•for transistor source 

■ stor gac< 



termi 



nals, and 



transistor 
trode regn-ons for ^ contact 

. fr^y making eleccn 



to sa 



id 



diffusion and 



s for making 

gate electrode ^-3^°"^' interconnecting 
^ cell IS made t.y ^ ^ tr 



wherein 
adjacent basic ce 



macro 



:11s, and int 



^^11 are made using 

second conductive -V-^ and^^^^ /"^cor and t.lrd 

„bere.n sa.d P ^^^^ seco 



# 

interconnect 



■rconnect 



lines 



ions 1 
from 



nternal 



to a 



macro 



sai 



,d first 



and 



where 
aectively co" 



selectivexy — 
group of global 



>upled together 
- _. connect 



inter 



where 



in each one 



ia sal 
Lines i 
of said P 



aurality of basic 



cells 



first type and a 



compr 



prises a a secona ^ 

Ld dU^uslon re,.on^o^ a^^^^^^ ... 



first 



diffusion region of a 1 ^^erein sa 
-,ond type, ana 



sec 



first 



and second diff 



lis 

----^-.frreaco. trd^r:^. eaC one 

co.prlses a ^ . ^nsLtor .ade in .aid ..rst 
Of which is shared betwe 
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31 diffusion region and a transistor made in said second 

32 diffusion region, 

wherein each of said plurality of basic cells has a 
substantially rectangular shape with a first and second 
substrate contact regions disposed in corners, and 

wherein said substantially rectangular shape of each 
of said plurality of basic cells has a first dimension defined 
by a maximum of nine interconnect lines made from said first 
conductive layer disposed in parallel in said first direction, 
and a second dimension defined by at least three interconnect' 
lines made from said third conductive layer disposed in 
42 parallel in said second direction. 

1 30. The integrated circuit of claim 29, wherein 

2 said first dimension is made larger to add at least a tenth 

3 interconnect line to form at least ten interconnect lines made 

4 from said first conductive layer and disposed in said first 

5 direction, said first and second diffusion regions being 

6 separated by a minimum width of two of said at least ten 

7 interconnect lines . 



33 
34 
35 
36 
37 
38 
39 
40 
41 



31. The circuit layout architecture of claim 29 

2 wherein said cell with substantially rectangular shape further 

3 comprises first and second substrate contact regions disposed 

4 in corners . 

^ 32. The circuit layout architecture of claim 31 

2 wherein said cell comprises three columns of contact regions 
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extending along said first -direct-ion, and wherein contact 
regions from a first and a third column are used to connect to 
gate electrodes for said PMOS and NMOS transistors. 

33. A circuit block for use in an integrated 
circuit constructed of circuit blocks comprising: 

a P-type diffusion region and an N-type diffusion 
region for transistor source and drain terminals oriented in 
parallel along a first direction, at least a first gate 
electrode region for transistor gate terminals, said at least 
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first gat 
diffusion 
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lectrode region br 



idging between 



sa 



id p-type 
ions in ^ 



regions and 



^ . diffusion regions x.. ^ 

said N-type dxffu 



secc 



xutsj-— - — ^v*c*=» to saici ^xo.^- 



said first direction 
, ^^r,t-act to sa 



said 



nrglo-'and said gate elec^oae ...^^-^^^^^^^^^^^^ 
diffusion region . ^ ^^^^^d by m ^^3,1 to 

wherein a tnacro .e • ^^erconnections mtern 

..T-h^r^rein int-tiJ-^ first 



electrode 



.eent t«nsisto.s and ---^^rerconnect Xine. fro. 
„aoro cell are made using 



adj 
said 

conductive layer; 

v/herein 



a first 



.nals of 



inout /output termi 

lectively coupled 



plural 



ity 



tog' 



ither 



via 



first, 



lines. 



id .aero cells ;f interconnect 

,cond and thira groups of 9 interconnect lines 

said first group of g disposed along 



formed from sa 



id 



X o u *• 

■first conductive layer 



said 



first direction 



,aid second group 



of gio" 



lines being 
,bal interconnect Hn 



oup ^^^^ g^id first 

conductive layer direction; and 

=Tona said firsc 



second conductive 
formed from said ^ ^long 

conductive layer. ^,,^,i interconnec 

said third above said 

^ «-hird conductive layer 
formed ^ .imposed transverse 

°^^^!"„r.^ona said second direction 



to sai 



lines being 
second 
d first 



di 



along »<»-^ 

. „ wherein an orthogonal 
3, The cell ot claim 33 . cell- 
,,id for supplying po«er and ground ^nes 

— ^^^^^^^^^^^ 

-rb;nu- rarrie. .t.een .elected 
v^nerein said ,onductive layer- 

regions of said firsc 

' v^^rein said p-type 

- cell o. cla^. :l„:rn region are laid out 
,,„usion region and Baid n-tyP 

in -on-rectangular Shape. . ^ ,,„t gate 

oc: wherein sai^ 
3e. The cell of ^^^^ ^ '^^^ a second gate 

region has a first electrod ^^^^ 

electrode region ^^^^ electrode, saia 

electrode region has a 
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electrode has a first end and a opposing second end, said 
first end at a contact region at an indentation in said P-type 
active diffusion region, said second end having no contact 
region adjacent said N-type active diffusion region, said 
first gate electrode having contact at an intermediate contact 
region, and said second gate electrode having a third end and 
an opposing fourth end, said third end at a contact region at 
an indentation in said N-type active diffusion region, said 
fourth end having no contact region adjacent said P-type 
active diffusion region, said second gate electrode having 
contact at an intermediate contact region, each one of which 
is shared between said P-type active diffusion region and said 



16 N-type active diffusion region. 



37. The cell of claim 33, further having first and 
second substrate contact regions disposed in corners. 



1 38. The cell of claim 37, wherein a first said cell 

2 is disposed adjacent to another said cell to form a first 

3 group of basic cells, and a second said cell is disposed 

4 adjacent to still another said cell to form a second group of 

5 basic cells; 

wherein said first group is disposed above said 
second group such that a P-type diffusion region in a basic 
cell within said first group is placed laterally adjacent to a 
P-type diffusion region in a basic cell within said second 
10 group; and 

wherein an interconnect line from said first layer 
at least twice the minimum width of an interconnect line from 
said first layer extends in the first direction over said 
substrate contact regions in basic cells of both said first 
15 and second groups . 
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